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© Ultra-Black film and method of manufacturing the same. 

® An ultra-black film is disclosed^ which essentially consists of a base (1), a Ni-P alloy layer (2) formed on said 
t>ase and a phosphate (3) layer formed on said Ni-P layer, the spectral reflectance of said ultra-black film being 
0.04 to 0.4 %. Ihe ultra-black film Is obtainable by one of four methods, i.e., a first method, which comprises 
sequential steps of effecting primary etching of a Ni-P alloy film surface with an aqueous nitric acid solution and 
effecting secondary etching of the surface with an aqueous sulfuric-acid-containing nitrate solution, a second 
method, which comprises of effecting said secondary etching of a Ni-P alloy film surface a third method, which 
comprises sequential steps of forming a Ni-P alloy film on a base by using a plating solution basically composed 
of nickel salt, sodium phosphate. D, L-malic acid and malonic acid and effecting said secondary etching to the 
2! alloy film surface and a fourth method, which comprises sequential steps of forming a Ni-P alloy film on a base 
^by using a plating solution basically composed of nickel salt, sodium phosphate, D, L-malic acid and succinic 
00 acid or basically composed of nickel salt, sodium phosphate, D, L-malic acid lactic acid and malonic acid and 
2 effecting said primary etching to the surface. 
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Ultra-black film and method of manufacturing tiie same 



This Invention relates to a film consisting of an ultra-black film formed on a base surface and a method 
of forming the same. The ultra-black film is formed by etching a nickel-phosphorus alloy film deposited by 
an eiectroless plating process on the base surface. It has low spectral reflectance, has small wavelength 

5 dependence of the reflectance, then is effectively utilized as opticalabsorber. 

As the ultra-black film which is formed on a base surface, coating films using black paints, black oxide 
films, black metal compound films, black-chromate-treated films obtained by metal plating, black chromium 
films, black nickel films and films obtained by impregnating porous films formed by an anodic oxidization 
process with black dyes are known. These ultra-black films generally have spectral reflectance of 3 to 10 

70 %. This reflectance is unsatisfactory if the films are to be used as optical absorber for optical power 
measurement apparatuses or the like. As a further variety of the ultra-black film formed on a base surface, a 
gold black film consisting of ultramicroparticles of gold is known. This film has a spectral reflectance of 
approximately 0.5 %, which is lower than those of black paints noted above. Hence, bases with this film are 
utilized as optical absorber for optical power measurement apparatuses or the like. The film, however, has 

75 low mechanical strength, and if it is used under conditions subjected to mechanical vibrations or rubbing, it 
readily drops out from the base. In addition, under high humidity conditions, It absorbs moisture and 
increase the reflectance. Once this occurs, the Initial reflectance can not be recovered when it is dried 
again. For the above reasons, the environments and conditions of its use are extremely limited. United 
States patent specifications 4.233,107 and 4,361,630 pertaining to inventions by C. E. Johnson Sr. disclose 

20 a method of obtaining a ultra-black film by etching a nickel-phosphorus alloy plating film with an aqueous 
nitric acid solution. This ultra-black film has spectral reflectance ranging from 0.5 to 1.0 % and has high 
mechanical strength, liowever, the optical reflectance varies greatly with wavelength change. Therefore, this 
film still poses problems In Its use as optical absort)er for measuring optical power with high accuracy In a 
wavelength range of 380 to 1 ,800 nm. 

» United States patent specification 4,511,614 pertaining to an invention by- R. L. Qreeson et al discloses 
an improvement over the afore-noted two United States patents. The disclosed film consists of two nickel- 
phosphorus alloy layers having^diffei^nt 'pHbsphorus contents. This film, however, requires an Increased 
numk>er of steps of manufacture because of two-layer structure. 
Further, the spectral reflectance of the film exceeds 0.5 %. 

30 A primary object of the invention is to provide an ultra-black fiinn, which has low spectral reflectance and 
less wavelength dependency thereof compared to prior art ultra-black films, and a method of forming the 
same. 

A second object of the invention is to provide an ultra-black film, which has high mechanical strength 
and hence is difficultly broken compared to the gold black film and a method of manufacturing the same. 
35 A third object of the invention is to provide an ultra-black film, which has superior resistance against 
moisture to that of the gold black film and a method of forming the same. 

A fourth object of the invention is to provide a method of forming an ultra-black film having excellent 
properties as noted above by a simple process. 

To attain the above objects of the Invention, there is provided an ultra-black film, which essentially 
40 consists of a base, a nickel-phosphorus alloy layer formed on said base and a phosphate film formed on 
said nickel-phosphorus layer, the spectral reflectance of said ultra-black film being 0.04 to 0.1 % or 0.1 to 
0.4 in a wavelength range of 380 to 1 .800 nm. the wavelength dependency of said spectral reflectance in 
said wave length range being 0.1 % or below. This ultra-black film is formed by the following methods. 

(1) A first method comprises sequential steps of forming a nickel-phosphorus alloy film by an 
45 ordinary electnsless plating process on a base, effecting primary etching of the alloy film surface with an 

aqueous nitric acid solution and effecting secondary etching of the surface with an aqueous sulfric-acid- 
containing nitrate solution. 

(2) A second metiiod comprises sequential steps of forming a nickel-phosphorus alloy film by an 
ordinary eiectroless plating process on a base and effecting etching of the alloy film surface with aqueous 

50 sulfric-acid-containing nitrate solution like the secondary etching steps noted above. 

(3) A third method comprises sequential steps of forming a nickel-phosphorus alloy film on a base by 
using a plating solution basically composed of nickel salt, sodium phosphate, D, L-malic acid or salt thereof 
and malonic acid or salt thereof and etching the alloy film surface with an aqueous sulhinic-acid-containing 
nitrate solution like the second method. 
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(4) A fourth method comprises sequential steps of forming a nickel-phosphorus alloy film on a base 
by using a plating solution basically composed of nickel salt sodium phosphate. D, L-maltc acid or salt 
thereof and succinic acid or salt thereof or basically composed of nickel salt, sodium phosphate, D. L-malic 
acid or salt thereof, lactic acid or salt thereof and maionic acid or salt thereof and etching the surface with 
5 an aqueous nitric acid solution like the primary etching step in the first method. 

The methods (1) and (2) permit ultra-black films to be obtained, which have spectral reflectance of 0.1 
to 0.4 %. The surface of these ultra-black films has innumerable conical holes formed close to one another 
and having opening diameters of 1 to 6 um. These conical holes have fluffy surfaces, which further have 
70 innumerable finer irregularities. 

The method (3) permits an ultra-black film to be obtained, which has spectral reflectance of 0.1 to 0.4 
%, and the surface of which has innumerable ultra-fine asperities of relatively uniform height capable of 
observation with a scanning electron microscope. 

The method (4) permits an ultra-black film to be obtained, which has spectral reflectance of 0.04 to - 
IS 0.1%. and the surface of which has innumerable conical holes formed close to one another and having 
opening diameters of mainly 1 to 6 um. The s'urfaces of these conical holes further have innumerable finer 
irreqularities. 

By either one of the above methods according to the invention, a more ideal ultra-black film than the 
ultra-black film obtainable by the prior art method can be obtained. Its spectral reflectance is as low as 0.04 
20 to 0.1 or 0.1 to 0.4 %. The variation range of the spectral reflectance is as low as 0.1 % or less in the same 
wave length range. Further, the film has mechanical vibration resistance, abrasion resistance and moisture 
resistance. The inventors estimate that the superior properties of the ultra-black film obtainable according to 
the invention, is mainly attributable to the surface morphology of the film; for instance the surface 
morphology with innumerable conical holes ranging 1 to 6 um in size, the conical hole surfaces being fluffy 
25 and having finer in-egularitles than the conical holes, in the base of the ultra-black films obtainable by the 
first, second and fourth methods or the surface morphology with ultra fine asperities of relatively uniform 
height in the case of the ultra-biack film obtainable by the third method. 

This invention can be more fully understood from the following detailed description when taken in 
conjunction with the accompanying drawings, in which: 
30 Rgs. 1 to 4 are graphs showing the spectral reflectance of ultra-black films manufactured by first to 

fourth methods according to the invention; 

Rg. 5 is a graph showing measurements of the spectral reflectance of ultra-black films obtained in 
Embodiments 2 to 6 concerning the first method according to the invention; 

Fjg. 6 is a graph showing the spectral reflectances (A1 to A4) of ultra-black films obtained by the first 
35 to fourth methods according to the invention, spectral reflectance (B) of an ultra-black film disclosed in 
Unites States patent specification 4,361 .630 and spectral reflectance (C) of gold black; 

Fig. 7A is a microscopic photograph showing the result of observation of the surface morphology of 
an ultra-black film obtained after a primary etching treatment in the first, method of the invention (without a 
secondary etching treatment) with a scanning electron microscope; 
40 Fig, 78 is a microscopic photograph showing the result of observation of the surface morphology of 

an ultra-black film obtained by performing the primary and secondary etching treatments in the first method 
of the invention with a scanning electron microscope; 

Rgs. 8A to 8D are microscopic photographs, magnified to 2.500. 5,500, 7,500 and 20,000 times, 
respectively, of the surface morphology of an ultra-black film formed by a second method according to the 
45 invention taken with a scanning electron microscope; 

Rgs. 9A to 9D are microscopic photographs, magnified to 2,500, 5,500. 7,500 and 20,000 times, 
respectively, of the surface morphology of an ultra-black film formed by a third method according to the 
invention taken with a scanning electron microscope; 

Figs. 10A to 10D are microscopic photographs, magnified to 2,500, 5,500. 7,500 and 20,000 times, 
50 respectively, of the surface morphology of an uitra-black film formed by a fourth method according to the 
invention taken with a scanning electron miscoscope; 

Figs. 11 A to 11 D are photographs, magnified to 2,500. 5,500, 7,500 and 20,000 times, respectively, of 
the surface morphology of a different ultra-black film formed by the fourth method of the invention taken 
with a scanning electron microscope; 
55 Figs. 12A to 12D are photographs, magnified to 2,500, 5,500, 7,500 and 20,000 times, respectively, of 

the surface morphology of an ultra-black film manufactured by the invention on the basis of a method 
disclosed in United States patent specification 4,361 ,630 with a scanning electron microscope; 
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Rg. 13 is a view showing hole diameter distributions of holes present on the surfaces of the ultra* 
black films shown in Rg. 7B. 8 and 19 to 12; 

Fig. 14 is a view showing the principles underlying an optical receiver; 

Rgs. 15 to 17 are sectional views showing different examples of optical receiver incorporating the 
5 ultra-blaci< film according to the invention; 

Fig. 1 8 is a schematic view showing an apparatus <for measuring reflectance incorporating the ultra- 
black film according to the invention; 

Fig. 19 is a fragmentary sectional view showing the apparatus for measuring reflectance according to 
the invention; 

70 Rg. 20 is a schematic view showing a LEO module incorporating the ultra-black film according to the 

invention; 

Rg. 21 is a sectional view showing an example of the no reflection optical terminator incorporating 
the ultra-black film according to the invention; 

Rg. 22 is a sectional view showing a different example of the no reflection optical terminator 
76 incorporating the ultra-black film according to the invention; and 

Fig. 23 is a schematic sectional view showing the structure of the ultra-black film according to the 
invention. 



20 

(Rrst Method of Forming Ultra-black Film) 

First, a base, on which the ultra-black film is to be formed, is prepared. The material of the base, 
usually, may be metals, glass, ceramics, plastics, etc. 

25 Then, a nickel-phosphorus alloy plating film is formed on the base. The plating film is usually formed by 
electroless plating. It contains 7 to 10 % by weight of phosphorus, the remainder consisting of nickel and 
inevitable impurities. In the plating, in the case of a base made of a metal or like electric conductor, the 
base is first treated with 1,1,1-trichioroethane and alkaline cleaning solution, followed by pickling with acid 
solution. Subsequently, nickel strike plating is performed, and the resultant base is Immersed in an 

30 electroless nickel-phosphorus alby plating solution to form the nickel-phosphorus alloy plating film on the 
base surface, in the case of a base made of a non-conductor, e.g., glass, ceramics and plastics, the base 
surface is preiinarily activated with a tin chloride solution and a palladium chloride solution, and tiien the 
nickel-phosphorus alloy film is formed by treating the base with the electroless nickel-phosphorus alloy 
plating solution. As the electroless nickel-phosphorus alloy plating solution may be used those which are 

35 commercially available. The base is usually held immersed in the solution at a temperature of 80 to 95 * C 
for 1 to 5 hours. The nickel-phosphorus alloy film has a thickness of at least 30 urn, preferably 70 to 80 
um. 

Subsequentiy, the step of primary etching of the nickel-phosphorus alloy plating film with an aqueous 
nitric acid solution is performed. The concentration of nitric acid used in the primary etching step suitably 
40 ranges from 1 part of nitric acid for 2 parts of water to concentrated nitric acid. The solution temperature is 
20 to lOO'C, and the immersion time is 5 seconds to 5 minutes. Specifically, altiiough depending on the 
phosphorus content of the film and the temperature and acid concentration of the nitric acid solution, 
usually by using a 1 : 1 nitric acid solution at 50* C the nickel-phosphorus alloy film is blackened in 5 to 30 
seconds. 

45 After the primary etching step, the base is rinsed with water. Subsequently, the secondary etching of 
the film is performed using an aqueous sulfric-acid containing nitrate solution for blakening the film. The 
nitrate used in this etching step is usually sodium nitrate, and Its concentration is 200 to 450 g/X, preferably 
300 to 400 g/t. The concentration of sulfuric acid added is 300 to 700 g/t, preferably 400 to 600 g/t. 
Typical process conditions are a solution temperature of 30 to 80 *C and an immersion time of 5 seconds 

50 to 5 minutes. However, the etching conditions, i.e., concentration, bath temperature and immersion time, are 
selected in relation to the status of the nickel-phosphorus alloy plating film, and the selection can be readily 
done by one having ordinary knowledge in the art After the etching, the base is rinsed with water and then 
dried. The ultra-black film thus obtained is very stable and excellent in the mechanical strength and 
moisture resistance. The spectral reflectance of the film is 0.1 to 0.4 % in a wavelength range of 380 to 

55 1.800 nm, and its wavelength dependency in this wave length range is as low as 0.1 % or less. 



(Second Method of Forming Ultra-black Rim) 
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In this method, the step of preparing the base and step of forming the nickel-phosphorus alloy plating 
film on the base are the same as those in the first method, so no further description of these steps is given. 

The base with the nickel-phosphorus alloy plating film formed thereon is rinsed with water and then 
dried. Subsequently, it is etched using an aqueous sulfuric-acid-containing nitrate solution for blacking the 
5 film. The etching is done under the same conditions as in the second etching step described before in 
connection with the first method, so it is no further described. 

Observation of the surface of the ultra-black films obtained In the first and second methods reveals that 
the surface has innumerable conical holes formed close to one another and mainly 1 to 6 um in diameter, 
the conical holes having surfaces, which have finer irregularities, the irregular surfaces being fluffy and 
10 capable of observation with a scanning electron microscope. 



(Third Method of Forming Ultra-black Rim) 

75 The step of preparing the base is the same as in the first method, so it is no further described. In the 
third method, the prepared base is subjected to treatment with an electroless nickel-phosphorus alloy 
plating solution to form an electroless nickel-phosphorus alloy plating film on It. The plating solution used is 
basically composed of nickel salt, sodium phosphate, D, L-malic acid or salt thereof or maJonic acid or salt 
thereof. More specificaily, the plating solution used is basically composed of 0.11 to 0.20 M of nickel sulfate 

20 as nickel salt, 0.24 to 0.36 M of sodium phosphate as reducing agent. 0.40 to 0.80 M of D, L- malic acid or 
salt thereof as hydroxylic-carboxylic acid and 0.20 to 0.40 M of malonic acid or salt thereof as dicarboxyiic 
acid, and usually the base is held immersed in the solution at 80 to 95' for 10 minutes to 3 hours. The 
conditions of the nickel-phosphorus alloy plating using this plating solution are the same as those described 
before in the first embodiment, so they are no further described. 

25 The base with the nickel-phosphorus alloy plating film formed thereon is rinsed with water and then 
dried, and then It Is subjected to an etching treatment with an aqueous sulfuric-acid-containing nitrate 
solution for blackening the film. The conditions of the etching treatment are the same as those of the 
etching treatment with the sulfuric-acid-containing nitrate solution In the first method, so they are no further 
described. 

30 Observation of the surface of the ultra-black film which is obtained In the above way with a scanning 
electronic microscope reveals that the surface has innumerable uttrafine asperities of relatively uniform 
height recognizable with the electron microscope. 

36 (Fourth Method of Forming Ultra-black Rim) 

The step of preparing the base is the same as in the first method, so it is no further described, in the 
fourth method, the nickel-phosphorus alloy plating film is formed on the prepared base using a nickel- 
phosphorus alloy plating solution, which is basically composed of nickel salt, sodium phosphate. D, L-malic 

40 acid or salt thereof and succinic acid or salt thereof or basically composed of nickel salt, sodium phosphate, 
O. L-malic acid or salt thereof, lactic acid or salt thereof and malonic acid or salt thereof. More specifically, 
the plating solution used is (1) basically composed of, for instance. 0.11 to 0.20 M of nickel sulfate as nickel 
salt, 0.24 to 0.36 M of sodium phosphate as reducing agent, 0.40 to 0.80 M of D, L-malic acid or salt thereof 
as hydroxylic-carboxylic acid and succenic acid or salt thereof as dicarboxyiic acid or (2) basically 

45 composed of 0.1 1 to 0.20 M of nickel sulfate as nickel salt, 0.24 to 0.36 M of sodium phosphate as reducing 
agent, 0.2 to 0.4 M of D, L-malic acid or salt thereof as hydroxylic-carboxylic acid, 0.3 to 0.6 M of lactic 
acid as hydroxylic-carboxylic acid and 0.2 to 0.4 M of succinic acid or salt thereof as dicarboxyiic acid, and 
usually the same is immersed in the solution at 80 to 95 * C for 1 to 5 hours. 

The conditions of the nickel-phosphorus plating using this plating solution are the same as those 

50 descirbed before in connection to the first method, so they are no further described. 

The nickel-phosphorus alloy film thus formed Is then etched with an aqueous nitric acid solution. The 
aqueous nitric acid solution has a concentration ranging from 1 part of nitrate for 2 parts of water to 
concentrated nitric acid, and the base is held imersed in the solution at a temperature of 30 -to 80* C for 10 
seconds to 5 minutes. The etching conditions such as the concentration and temperature of the etching 

55 solution and etching time are selected as optimum conditions in relation to the state of the nickel- 
phosphorus plating film. The ultra-black film obtained on the base rinsed with water and dried after the 
etching is very stable and has excellent mechanical properties and moisture resistance. The spectral 
reflectance of the ultra-black film is 0.04 to 0.1 % in a wavelength range of 380 to 1,800 nm, and its 
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wavelength dependency in that wavelength range Is as low as 0.1 % or t>elow. 

The uttra-black film which Is obtainable in one of the above first to fourth methods, as shown in Rg. 23, 
basically consists of base 1, nickel-phosphorus alloy plating layer 2 formed on the base and phosphate 
layer 3 formed on the nickel-phosphorus alloy layer 2. The ultra-black film obtainable by any of the above 

5 methods has low spectral reflectance and small range of variation of the spectral reflectance with 
wavelengths compared to the ultra-black film obtainable by the well-known method. Further, it has high 
mechanical strength and is difficultly broken compared to the prior art gold black film, and it is also superior 
to the gold black film in the moisture resistance. Further, the ultra-black film according to the invention may 
utilize substantially all industrial materials including metals, ceramics and plastics for the base, and it can be 

10 formed in a simple method. Thus, the ultra-black film obtainable according to the invention can find 
effective applications as light absorbers for apparatuses for accurately measuring absolute light intensity, 
terminal elements for optical transmission systems, and internal reflection prevention members in optical 
apparatuses. 

Table 1 compares the first to fourth method of ultra-black film formation according to the invention and 
15 methods disclosed in Unites States patent specifications 4,233,107 and 4,361,630. 

Now, prefenred embodiments of the invention will be described. Embodiments 1 to 7 concern the first 
method according to the invention. Embodiments 8 to 11 concem the second method according to the 
invention. Embodiments 12 to 15 concem the third method of the invention, and Embodiments 16 to 18 
concem the fourth method of the invention. 

.20 

Embodiment 1 

A base consisting of a copper disk 8 mm in diameter and 0.3 mm in thickness was subjected to a 

25 degreasing with 1,1,1-trtchloroethane and alkaline clearing solution at a bath temperature of 50 to 60* C. 
The base was then rinsed with water and then pickled with 1 : 1 hydrochloric acid solution. Subsequentiy, 
the nickel strike electro plating on the base was performed. Thereafter, the base was held immersed in an 
eiectroiess nickei-phosphoms alloy plating solution, provided under trade name "8-780** by Nippon Kasein 
Co.. Ltd., composed of nickel sulfate, sodium phosphate, hydroxylic-carboxylic acid and dicaboxylic acid at 

30 a bath temperature of 90 * C for three hours to obtain precipitation of a nickel-phosphorus alloy plating fiim 
containing 8 to 10 % by weight of phosphorus to a thickness of about 70 to 80 um on the base surface. 
The base with this film on it was then rinsed with water and then treated for primary etching in an 1 : 1 
aqueous nitric acid solution at a bath temperature of 50*C for 30 seconds. After the primary etching, the 
base was rinsed with water, and without drying It was held immersed as a secondary etching treatment in 

35 100 mt. of a solution containing 400 g/1 of sodium nitrate and 552g/t of sulfuric acid at a temperature of 
50* C for 30 seconds. After this treatment, the base was taken out. rinsed with water and dried. 

The ultra-black film formed on the surface of the base thus obtained was very stable and excellent in 
resistance against mechanical vibrations, mbbing and moisture. This ultra-black film had a phosphate fiim of 
a thickness of approxi-mately 200 angstroms. 

40 In Rg. 1, solid curve shows the spectral reflectance of the ultra-black film obtained in the above way in 
a wavelength range of 380 to 1 ,800 nm. The spectiral reflectance is lower than 0.2 % over the waveiengtii 
range, indicating that the reflectance is changed very slightly with wavelength changes. Broken-line curves 
In the Rgure show the spectral reflectance measured after holding the ultra-black film exposed to an 
enviromnent at 85* C and with a relative humidity of 85 % for 200. 500 and 1,000 hours, respectively. TTie 

45 spectral reflectance was measured with an integrating sphere spectral photometer. The spectral reflectance 
is increased slightiy with the exposure noted above. It is around 0.2 % in the wavelength range, indicating 
substantially no wavelength dependerrcy of it. 

In the graph of Rg. 6, curve A1 is the same as the solid curve in Fig. 1, showing the spectral 
reflectance the ultra-black film according to the invention. Curve 8 shows the spectral reflectance of a uitra- 

50 black film obtained by the sole primary etching in the above emoboment. which corresponding to one 
disclosed in United States patent specification 4,233,107. Curve C is the spectral reflectance of a gold black 
film. It will be seen from the graph that the uitra-black film according to the invention has very superior 
spectral reflectance to those of the well-known ultra-black films. 

Rg. 7A shows the surface morphology, observed witii a scanning electron microscope, of an ultra-black 

55 film obtained by rinsing witii water and drying after the sole primary etching treatment. Fig. 7B shows the 
surface morphology, again observed with the scanning electron microscope, of an ultra-black film obtained 
after the secondary etching treatment subsequent to tiie primary etching ti'eatment in accordance with the 
invention. From the comparison of these photographs it will be seen that the surface of ultra-black film 

6 

BNSDOCID: <EP ^031783aA2J_> 



EP 0 317 838 A2 



formed through the primary and secondary etching treatments according to the Invention features ultrafine 
asperities of relatively uniform height formed on the surfaces of conical holes^ which are also observable on 
the surface of the ultra-black film formed through the sole primary etching treatment. The inventors think 
that this feature of the surface morphology provides for the aforementioned excellent properties of the ultra- 
5 black according to the invention. 

Rg, 13 is a distribution of the diameters of the holes formed in the ultra-black film surface as shown in 
Rg. 7B concerning the third method of the invention. The hole diameter ranges from 1 to 9 urn. 

10 Embodiments 2 to 6 

Ultra-black films were obtained in the same manner as Embodiment 1 except for that the concentrations 
of sodium nitrate and sulfuric acid in the aqueous solution used for the secondary etching treatment were 
vai'ied as follows. 
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Rg. 5 shows measurements of the spectral reflectance of these ultra-black films. In the Rgure, symbols 
2 to 6 represent Embodiments 2 to 6, respectively. 

It will be seen tiiat with the ultra-black films obtained in Embodiments 2 to 6. the spectral reflectance 
and variation range tiiereof are as excellent as those obtained in Embodiment 1 . 



Embodiment 7 

This embodiment concerns a method, in which the etching treatment disclosed in United States patent 
specification 4.233,107 was performed as primary etching treatment prior to the secondary etching 
treatment according to the Invention, thus obtaining a ultra-black film. 

More specifically, a base consisting of a copper disk 8 mm in diameter and 0.3 mm in thickness was 
subjected to a degreasing using an alkaline cleaning solution at a bath temperature of 50 to 60* C. The 
base was then rinsed with water and then pickled with 1 : 1 hydrochloric acid solution. Subsequently, nickel 
strike electron plating was performed, and then a nickel-phosphorus alloy plating film was precipitated to a 
thickness of 70 to 80 um using an electroless nickel-phosphorus alloy plating solution at a bath temperature 
of 90'C. 

The copper base with the nickel-phosphorus alloy plating film thus formed thereon was rinsed with 
water and the held immersed, as primary etching treatment, in 1 : 1 aqueous nitric acid solution at a bath 
temperature of 50* C for 30 seconds. After the primary etching treatment, the base was rinsed with water, 
and without drying it was then held immersed, as secondary etching treat-ment, in 100 ml of an aqueous 
solution containing 400 g/l of sodium nitrate and 552 g/1 of sulfuric acid. After the treatment, tiie base was 
taken out, rinsed with water and dried. With the ultra-black film thus obtained, the surface morphology, 
optical absorption characteristic and various other characteristics were similar to tiiose of the ultra-black film 
obtained in Embodiment 1.^ 



Embodiment 8 

A nickel-phosphorus alloy film was formed on the surface of a copper base under the same conditions 
as in Embodiment 1 . 

The base with the nickel-phosphorus alloy plating film formed thereon was then rinsed with water, and it 
was then subjected to an etching ta^eatment for blackening. The treatment was done with a solution 
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containing 300 g/l of sodium nitrate and 552 g/l of sulfuric acid, at a temperature of 50* C and for a period 
of 60 seconds. After the treatment the base was rinsed with water and then dried, thus obtaining a ultra- 
black film according to the invention formed on the base. 

In Fig. 2. solid curve shows the spectral reflectance, measured with an integrating sphere spectral 

5 photometer, of the ultra-black film obtained in the above way in a wave length range of 380 to 1,800 nm. 
The spectral reflectance is lower than 0^ %, and its variation range with wavelength-depandancy is vary 
small, namely less than 0.1 %. Broken-line curves in the Rgure show the spectral reflectance measured 
after holding the ultra-black film exposed to an environment at 85'C and with a relative humidity of 85 % 
for 200. 500 and 1.000 hours, respectively. These spectral reflectance values are slightly increased over 

70 that shown by the solid curve and are around 0.2 %. The wavelength-dependency of the spectral 
reflectance is substantially the same as that prior to the exposure noted above. 

The graph of Rg. 6 compares the spectral reflectance of the ultra-black film according to the invention 
(shown by curve A2), that of th^ ultra-black film disclosed in United States patent specification 4,361.630 
(shown by curve B) and that of the gold black film (shown by curve C) in a wavelength range of 380 to 

IS 1 .800 nm. It will be seen that the ultra-black film according to the invention has very low spectral reflectance 
and very slight wavelength dependency of the spectral reflectance compared to the cases of curves B and 
C, 

Figs. 8A to 8D show photographs of the surface of the ultra-black film fonmed on the base surface in 
Embodiment 1. observed with a scanning electronic microscope. The magnification is increased in the order 

20 of photographs A to D, and its rough idea may be had from the scale provided in a lower portion of each 
photograph. From photograph 8A will be seen that the ultra-black film surface has conical holes randomly 
distributed over the entire surface. From photographs 8B and 8C it will be seen that fine irregularities are 
formed in the surfaces of conical holes. From photographs 8B to 8D, particularly from photograph 8D, it can 
be seen that the conk:al holes shown have fluffy surfaces. 

25 Rgs. 12A to 12D show photographs, taken with a scanning electron microscope, of the surface of an 
ultra-black film formed by the invention on the basis of the method disclosed in United States patent 
specification 4.361,630. Like Figs. 8A to 8D, the magnification is increased in the order of photographs 12A 
to 12D. and its rough idea may be had from the scale provided in a lower portion of each photograph. From 
photograph 12A it will be seen that the ultra-black surface has conical holes distributed over the entire 

30 surface and having various diameters. Compared to the case of Rg. 8A, there are seen many holes having 
greater diameters, and the diameter distribution is comparatively non-uniform compared to the case of the 
invention. From photographs 12B and 12C it will be seen that fine irregularities are formed in the surfaces 
of fine conical holes. However, such fine irregularities occur less frequently compared to the cases of 
photographs 88 and 8C. From photographs 12B to 12D. particulariy from photograph 12D. it will be seen 

35 that the surfaces of the conical holes are smooth compared to the case of the ultra-black film according to 
the invention, and no fluffy surface like those according to the invention is recognized. The inventors think 
that such a morphological difference, particularly the fluffy surfaces of conical holes, has an effect of 
enhancing the optical absorption characteristics. Further, the inventors estimate that by using nitrate for the 
etching treatment the attach to the nickel-phosphorus alloy surface is comparatively alleviated compared to 

40 the case of using nitric acid and that this is attributable to the formation of the aforementioned surface 
morphology. 

Rg. 13 shows the hole diameter distribution of the ultra-black film surface of Rgs. 8A to 8D obtained by 
the second method and that of the ultra-black film surface of Rgs. 12A to 12D. From the graph it will be 
seen that according to the invention the hole diameter is comparatively uniform, ranging from 1 to 6 am, 

45 but in the case of Rgs. 12A to 12D the hole diameter distribution covers a wider range. 

Bases with ultra-black films were produced in accordance with the Invention by using iron, nickel and 
cobalt as the material of the base In lieu of copper in the case of Embodiment 9. Each base was treated 
with 1.1.1-trichloroethane for degreesing and then held immersed, as cleaning, in an alkaline cleaning 
solution (at a bath temperature of 50 to 60" C) for 3 to 5 minutes. The base was then rinsed with water and 

so then subjected to electroless degreasing at ordinary temperature for one to two minutes. Subsequently, the 
base was rinsed with water, then pickled with 1 : 1 hydrochtoric acid solution and then rinsed with water. 
Subsequently, the base was held immersed in an electroless nickel-phosphorus alloy plating solution at a 
bath temperature of 90*C for three hours, thus obtaining precipitation of a nickel-phosphorus alloy plating 
film to 70 to 80 iim on the substrate surface. This film was subjected for blackening in an etching treatment 

55 in the manner as disclosed in Embodiment 9. With the ultra-black film obtained in this way the surface 
morphology, optical absorbance and other characteristics were similar to those in case of using the copper 
base. 

Aluminum was used for the base. The base was treated with 1,1.1-trichloroethane for degreasing. It was 
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then subjected to an etching treatnDent with a sodium hydroxide solution at ordinary temperature for 3 to 5 
minutes. It was then rinsed with water and then held immersed in a blend solution containing nitric acid and 
hydrofluoric acid at ordinary temperature for 15 to 20 seconds to remove smut formed on the aluminum 
surface. The base was then rinsed with water, and then zinc substitution was done. The base was then 

5 rinsed with water, and then copper strike, nickel strike plating was done. Subsequently, the base was held 
immersed in an electroless nickel-phosphorus alloy plating solution at a bath temperature of 90 * C for three 
hours, thus obtaining precipitation of a nickel-phosphorus alloy plating film to 70 to SO urn on the substrate 
surface. This film was subjected for blackening In an etching treatment In the manner as disclosed in 
Embodiment 9. With the uttra-black film obtained in this way. the surface structure, optical absorbance and 

70 other characteristics were similar to those in case of using the copper base. 

Further, bases made of brass, bronze, cupronickel. phosphor bronze, stainless steel, eighteen gold. etc. 
were subjected to the same treatment process on the copper base as described above to cause 
precipitation of a nickel-phosphorus alloy plating cover to a thickness of 70 to 80 urn on the substrate. This 
film was subjected for blackening in an etching treatment in the manner as disclosed in Embodiment 9. 

15 With the ultra*biack film obtained in this way, the surface structure, optical absorbance and other 
characteristics were similar to those in case of using the copper base. 

Embodiment 9 

20 

Bases made of ceramics and glass were prepared. Since each base was an elecric non-conductor, its 
surface was metallized or activated. For the metallization, first nichrome was deposited by the vacuum 
deposition process. Then, gold was deposited by the vacuum deposition process, followed by nickel strike 
plating, thus obtaining metallization of the base surface. For the activation, the base was immersed in a 

25 colloidal palladium suspension, or immersed a tin chloride solution and then in a palladium chloride solution 
to chemically reduce and activate the base surface. The metallized or activated base was held immersed in 
an electroless nickel-phosphorus alloy plating solution at a bath temperature of 90'C for three hours, thus 
obtaining precipitation of a nickel-phosphorus alloy plating film to 70 to 80 urn on the substrate surface. 
This film was subjected for blackening in an etching treatment in the manner as disclosed in Embodiment 9. 

30 With the ultra-black film obtained in this way, the surface morphology, optical absorbance and other 
characteristics were similar to those in case of using the copper base. 



Embodiment 10 

35 

A plastic base was prepared. Since the base was an electric non-conductor, its surface was metallized 
by forming a gold film by a cathode spattering process. Subsequently, the base was immersed in a 
colloidal palladium suspension, or immersed in a tin chloride solution and then in a palladium chloride 
solution to chemically reduce and activate the base surface. The metallized or activated base was held 
40 immersed in an electroless nickel-phosphorus alloy plating solution at a bath temperature of 90* C for three 
hours, thus obtaining precipitation of a nickel-phosphorus alloy plating film to 70 to 80un on the substrate 
surface. This film was subjected for blackening In an etching treatment In the manner as disclosed in 
Embodiment 9. With the ultra-black film obtained in this way, the surface morphology, optical absorbance 
and other characteristics were similar to those in case of using copper base. 

45 

Embodiment 11 

In this embodiment, an electroless nickel-phosphorus film was formed on the copper base surface in 
50 the same manner as in Embodiment 9. The film was etched by using an aqueous solution containing 360 
Q/l of potassium nitrate and 552 g/l of sulfuric acid in lieu of the etching solution used in Embodiment 9. 
With the ultra-black film obtained in this way, the surface morphology, optical absorbance and other 
characteristics were similar to those in the case of using the copper substrate. 

55 

Embodiment 12 

•In this embodiment, the base used was made of a metal, typically copper. 
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A copper base 8 mm in diameter and 0.3 mm in thickness was degreased with 1,1,1-trichloroethane 
and alkaline cleaning solution. Then, it was rinsed with water and then pickled with 1 : 1 hydrochloric acid 
solution, followed by nickel strike plating. Subsequently, the base was held immersed in an eiectroless 
nickel-phosphonjs alloy plating solution, composed of 0.1 M of nickel sulfate, 0.3 M of sodium phosphate. 

5 0.5 M of D, L-malic acid and 0.3 M of malonic acid, for ultra-black film at a bath temperature of 90* C for 
two hours, thus causing precipitation of a nickel-phosphorus alloy plating film to a thickness of 50 am on 
the base surface. The base with the nickel-phosphorus alloy film formed thereon in the above way was 
rinsed with water. For blackening this alloy film, an etching treatment on the film was performed with a 
solution containing 300 g/l of sodium nitrate and 552 g/l of sulfuric acid at 50*C for two minutes, followed 

10 by rinsing with water and drying. The ultra-black film formed on the copper base was very stable and 
excellent in the resistance against mechanical vibrations, rubbing and moisture. 

Fig. 3 shows the spectral reflectance of the ultra-black film obtained in this way for a wavelength range 
of 380 to 1 .800 nm as measured with an integrating sphere spectral photometer. The solid curve shows the 
measured spectral refiectance over a wavelength range of 380 to 1,800 nm. It is as low as 0.13 to 0.17 %, 

15 and it varies very slightly with wavelengths. Broken-line curves show the spectral reflectance after exposure 
of the film to an environment at 85*C and with a relative humidity of 85 % for 200. 500 and 1,000 hours, 
respectively. The spectral reflectance is around 0.2 % in the wavelength range. Its wavelength dependency 
is the same as that before the exposure, indicating that the ultra-black film obtained according to the 
invention is excellent ultra-black over the wavelength range of 380 to 1,800 nm. 

20 In Rg. 6. curve A3 represents the spectral reflectance of the ultra-black film obtained in this 
embodiment and curve B represents the spectral reflectance of the ultra-black film disclosed in United 
States patent specifications 4,233,107 and 4,361.630. The spectral reflec tance, compared to the film of 
curve A, is 0.5 to 1.0 % and has wavelength dependency. Curve C represents the spectral refiectance of 
the gold black film. In this way. the ultra-black film according to the invention is far superior in the spectral 

25 reflectance to the prior art ultra-black film. 

Rgs. 9 A to 9D are photographs of the base with the ultra-black film fonned in Embodiment 13, obtained 
with a scanning electron microscope. The magnification is increased in the order of photographs A to D, 
and its rough idea may be had from the scale shown in a lower portion of each photograph. 

The ultra-black film surface shown in photograph A has ultrafine asperities of relatively uniform height 

30 formed over the entire surface. 

As the magnification is increased progressively to photographs B to D, it will be seen that the surface 
has a fiuffy morphology like the surface of a mohair cloth surface. In contrast to the film surface of Rgs. 
12A to 12D. which has conical holes, the film surface of Rgs. 9A to 9D have ultrafine asperities of relatively 
uniform height, which are observed to be of a fluffy mor like that of a mohair cloth surface. In other words. 

35 the ultra-black film formed by the third method of the invention has a feature in the surface morphology 
consisting of ultra-fine asperities. It can be estimated that this morphology has an effect of enhancing the 
optical absorbance. 

It can be estimated that this ultra-fine surface morphology is formed due to alleviation of the attack on 
the nickel-phosphoais alloy surface owing to the use of the sulfuric-acid-containing aqueous nitrate solution 

40 In lieu of nitric acid as the etching solution. 

Bases made of iron, nk:kei and cobalt were also treated with 1,1,1-trichloroethane for degreasing. and 
then treated with alkaline cleaning solution and then rinsed with water. Subsequently, eiectroless degreasing 
was performed at ordinary temperature for one to two minutes, followed by rinsing with water, then pickling 
with 1 : 1 hydrochloric acid solution and then rinsing with water. Each base was then held immersed in an 

45 eiectroless nickel-phosphoms alloy plating solution at a bath temperature of 90 * C for three hours, thus 
obtaining precipitation of a nickel-phosphorus alloy plating film to 70 to 80 um on the substrate surface. 
This film was subjected for blackening in an etching treatment in the manner as disclosed in the third 
method. With the ultra-black film obtained in this way, the surface morphology, optical absorbance and 
other characteristics were similar to those in case of using the copper base. 

50 Further, a base made of aluminum as metal was treated with 1.1,1-trichloroethane for degreasing, 
followed by etching with a sodium hydroxide solution at ordinary temperature tor three to five minutes. The 
base was then rinsed with water and then held Immersed in a blend solution containing nitric acid and 
hydrofluoric acid at ordinary temperature for 15 to 20 seconds for removal of smut formed on the aluminum 
surface. The base was then rinsed with water, and zinc substitution was performed. Then, it was rinsed with 

55 water, and copper strike, nickel strike plating was performed. The base was then held immersed in an 
eiectroless nickel-phosphorus alloy plating solution at a bath temperature of 90 ' C for three hours, thus 
obtaining precipitation of a nickel-phosphoirus alloy plating film to 50 am on the substrate surface. This film 
was subjected for blackening in an etching treatment in the manner as disclosed in the third metiiod. With 
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the ultra-black film obtained in this way, the surface morphology, optical absorbance and other chciracteris- 
tics were similar to those In case of the copper base. 

Further, bases which were prepared from brass, bronze, cupronickel, phosphor bronze, stainless steel, 
eighteen gold, etc., were subjected to the same treatment as for the copper base to cause precipitation of a 
s nickel-phosphorus alloy film for ultra-black film to a thickness of 50 urn on the base surface, followed by an 
etching treatment for blackening as disclosed above. With the ultra-black films thus obtained, the surface 
morphology,- optical absorbance and other properties were similar to those of the ultra-black film obtained 
with the copper base. 

10 

Embodiment 13 

In this embodiment, ceramic and glass bases were prepared. Since ceramics and glass are electric 
non-conductors, the base surface was metallized by depositing nichrome by a vacuum deposition process, 

75 then depositing gold by the vacuum deposition process and then performing nickel strike plating. 
Alternatively, the ceramic and glass surfaces may be activated by a chemically reducing process of 
immersing the bases in a colloidal palladium suspension, or immersing the bases in a tin chloride solution 
and then in a palladium chloride solution. The ceramic and glass bases with their surface metallized or 
activated were held immersed in an electroless nickel-phosphorus alloy plating solution, composed of 0.1 M 

20 of nickel sulfate, 0.5 M of sodium phosphate, 0.6 M of D, L-malic acid and 0.3 M of malonic acid, for ultra- 
black film at a bath temperature of 90 *C for one hour, thus causing precipitation of a nickel-phosphorus 
alloy plating film to a thickness of about 30 urn on the base surface. Then, the bases were subjected to an 
etching treatment with a solution containing 400 g/1 of sodium nitrate and 460 g/1 of sulfuric acid at 50*C 
for two minutes for the blackening of the alloy film. With the ultra-black films thus obtained, the surface 

25 morphology, light reflectance and various other properties were similar to those obtained in Embodiment 13. 
and no particular difference could be recognized. 

Embodiment 14 

30 

In this embodiment, a plastic base was prepared. Since plastics are electric non-conductors, the base 
surface was metallized by a cathode spattering process. Alternatively, the plastic surface may be activated 
by a chemically reducing process of immersing the bases in a colloidal palladium suspension, or immersing 
the bases In a tin chloride solution and then in a palladium chloride solution. The plastic base with Its 

35 surface metallized or activated was held immersed In an electroless nickel-phosphorus alloy plating solution 
composed of 0.1 M of nickel sulfate, 0.5 M of sodium phosphate, 0.6 M of D. L-malic acid and 0.3 M of 
malonic acid for blacking film at a bath temperature of 90* C for 30 minutes, thus causing precipitation of a 
nickel-phosphorus alloy plating film to a thickness of about 18 um on the plastic base surface. Then, the 
bases were subjected to an etching treatment with a solution containing 400 g/l of sodium nitrate and 460 

40 g/l of sulfuric acid at 50* C for' 1.5 minutes for the blackening of the alloy film. With the ultra-black film thus 
obtained, the surface morphology, reflectance and various other properties were the same as those 
obtained in Embodiment 12, and no particular difference could be recognized. 



45 Embodiment 15 

In this embodiment, after an alloy film was formed on a base by the method in Embodiment 1 3. the 
alloy film was blackened by an etching treatment conducted with a solution containing 360 g/l of potassium 
nitrate and 552 g/1 of sulfuric acid at 50* C for two minutes. With ttie ultra-black film thus obtained after the 
50 etching process, the surface morphology, reflectance and various other properties were the same as those 
obtained in Embodiment 12. 



Embodiment 16 

55 . . - . 

In this embodiment, the base used was made of a metal, typically copper. 

More specifically, copper bases 8 mm in diameter and 0.3 mm in thickness were treated with 1.1,1- 
trichloroethane and alkaline cleaning solution. Then, they were rinsed with water and then pjckled with 1:1 
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hydrochloric acid solution, followed by nickel strike plating. Subsequently, the base was held immecsed in 
an electroless nickel-phosphorus alloy plating solution A or B (A; composed of 0.1 M of nickel sulfate. 0.25 
M of sodium phosphate, 0.2 M of D, L-malic acid, 0.4 M of lactic acid and 0.25 M of malonic acid. B; 
composed of 0.1 M of nickel sulfate, 0.25 M of sodium phosphate, 0.4 M of D. L-malic acid and 0.45 M of 

5 succinic acid) at a bath temperature of 90 ' C for three hours, thus causing precipitation of a nickel- 
phosphorus alloy plating film to a thickness of 70 to 80 um on the base surface. For blackening this alloy 
film, an etching treatment on the film was perfonmed with 1 : 1 aqueous nitric acid solution at a bath 
temperature of 50 C for one minute, followed by rinsing with water and drying. 

The ultra-black film formed on the copper base surface was very stable and excellent in the resistance 

70 against mechanical vibrations, rubbing and moisture. 

Fig. 4 shows the spectral reflectance of the ultra-black film obtained in this way for a wavelength range 
of 380 to 1 ,800 nm as measured with an Integrating sphere spectral photometer. The solid curve shows the 
measured spectral reflectance over a wavelength range of 380 to 1,800 nm. It is as low as 0.05 to 0.08 %, 
and it varies very slightly with wavelengths. Broken-line curves show the spectral reflectance after exposure 

75 of the film to an environment at 85* C and with a relative humidity of 85 % for 200. 500 and 1.000 hours, 
respectively. The spectral reflectance is around 0.1 % in the wavelength range. Its wavelength dependency 
is hardly recognized, indicating that the ultra-black film obtained according to the invention is excellent ultra- 
black film over the wavelength range of 380 to 1.800 nm. 

In Rg. 6, curve A4 represents the spectral reflectance of the ultra-black film obtained in this 

20 embodiment and curve B represents the spectral reflectance of the ultra-black film disclosed in United 
States patent specification 4.233,107 and 4.361.630. The specral reflectance, compared to the film of curve 
A, is 0.5 to 1.0 % and has wavelength dependency. Curve C represents the spectral reflectance of the gold 
black film. The ultra-black film according to the invention thus is far superior in the spectral reflectance to 
the prior art ultra-black film. 

25 Figs. 10A to 10D are photographs of the base with the ultra-black film fomned in Embodiment 16 using 
the plating solution A. obtained with a scanning electron microscope. The magnification is increased in the 
order of photographs A to D. and its rough idea may be had from the scale shown in a lower portion of 
each photograph. 

As is seen from photograph 10A, the surface has fine conical holes distributed randomly over the entire 
30 surface. The holes are comparatively uniform in the diameter. Rg. 13 shows an example of the hole 
diameter distribution. It will be seen from the Rgure that the holes in case of Embodiment 16 have opening 
diameters of mainly 1 to 6 um while those in case of Embodiment 12 have diameters distributed in a wide 
range. With increasing magnification of Rgs. 10A to 10D fnjm Rg. 10B to Rg. 10D it will be seen that the 
surfaces of the fine holes have finer in^egularities. In other words, the ultra-black film formed^ by the method 
35 according to the invention has a feature in the surface morphology in that the surfaces of the fine holes 
have finer irregularities. A similar feature in the surface morphology can be recognized from Figs. 11A to 
11D. which are photographs of the ultra-black film formed in Embodiment 17 using the plating solution B. 

By comparing the photographs of Rgs. 10A to 10D and 11 A to 1 1D and those of Rgs. 12A to 12D. a 
difference which is thought to be most Important is recognized in the photographs D. The surfaces shown in 
40 Rgs- 10A to 10D and 11A to 11D have a feature in the surface morphology in that the surfaces of the fine 
holes have finer irregularities. 

Bases made of iron, nickel and cobalt were also treated with 1,1,1-trichloroethane for degreasing, and 

"tften treated with alkalirie cleaning solution and then rinsed with water. Subsequently, electrolytic degreasing 
was performed at ordinary temperature for one to two minutes, followed by rinsing with water, then pickling 

45 with 1 : 1 hydrochloric add and then washing with water. Each base was then held immersed in an 
electroless nickel-phosphorus alloy plating solution at a bath temperature of 90'C for three hours, thus 
obtaining precipitation of a nickel-phosphorus alloy plating film to 70 to 80 urn on the substrate surface. 
This film was subjected for blackening in an etching treatment in the manner as disclosed in the above. 
With the ultra-black film obtained in this way, the surface morphology, spectral absorbance and other 

50 characteristics were similar to those in case of using the copper base. 

Further, a base made of aluminum as metal was treated with 1,1,1-trichloroethane for degreasing, 
followed by etching with a sodium hydroxide solution at ordinary temperature for three to five minutes. The 
base was then rinsed with water and then held immersed In a blend solution containing nitric and 
hydrofluoric acid at ordinary temperature for 15 to 20 seconds for removal of smut formed on tie aluminum 

55 surface. The base was then rinsed with water, and zinc substitution was performed. Then, It was rinsed with 
water, and copper strike, nickel strike plating was performed. The base was then held immersed in an 
electroless nickel-phosphorus alloy plating solution at a bath temperature of 90 *C for three hours, thus 
obtaining precipitation of a nickel-phosphorus alloy plating film to 70 to 80 iim on the substrate surface. 

12 
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This film was subjected for blackening in an etching treatment In the manner as disclosed in the above. 

With the ultra-black film obtained in this. way, the surface morphology, optical absorbance and other 

characteristics were similar to those in case of the copper base. 

Further, bases which were prepared from brass, bronze, cupronickel, phosphor bronze, stainless steel, 
5 eighteen gold, etc., were subjected to the same treatment as for the copper base to cause precipitation of a 

nickel-phosphorus alloy film for ultra-black film to a thickness of 70 to 80 um on the base surface, followed 

by an etching treatment for blackening as disclosed above. With the ultra-black film thus obtained, the 

surface morphology, optical absorbance and other properties were similar to those of the ultra-black film 

obtained with the copper base. 
10 . , 

Embodiment 17 

In this embodiment, ceramic and glass bases were prepared. Since ceramics and glass. are electric 
15 nonconductors, the base surface was metallized by depositing nicrome by a vacuum deposition process, 
then depositing gold by a vaccum deposition process and then performing nickel strike plating. Alter- 
natively, the ceramic and glass surfaces may be activated by a chemically reducing process of immersing 
the bases in a collodial palladium suspension, or immersing the bases in a tin chloride solution and then in 
a palladium chloride solution. The ceramic and glass bases with their surface metallized or activated were 
20 held Immersed in an electroless nickel-phosphorus aJIoy plating solution A or B (A; composed of 0.1 M of 
nickel surface, 0.25 M of sodium phosphate. 0.5 M of D, L-maitc acid. 0.4 M of tactic acid and 0.25 M of 
malonic acid, B; composed of 0.1 M of nickel sulfate. 0^ M of sodium phosphate, 0.4 M of D, L-malic acid 
and 0.45 M of succinic acid) for ultra-black film at a bath temperature of 90* C for three hours, thus causing 
precipitation of a nickel-phosphorus alloy plating film to a thickness of 70 to 80 um on the base surface. 
25 Then, the base was subjected to an etching treatment as in Embodiment 17. With the ultra-black films thus 
obtained, the surface morphology, light reflectance and various other properties were the same as those 
obtained in Embodiment 17, and no particular difference could be recognized. 



30 Embodiment 18 

In this embodiment, a plastic base was prepared. Since plastics are electric non-conductors, the base 
surface was metallized by a cathode spattering process. Altematively, the plastic surface may be activated 
by a chemically reducing process of immersing the bases in a colloidal palladium suspension, or immersing 

35 the base in a tin chloride solution and then In a palladium chloride solution. The plastic base with its surface 
metallized arid made active was held immersed in an electroless nickel-phosphorus alloy plating solution A 
or B (A; composed of D.i M of nickei sulfate. 0.25 M of sodium phosphate. 0.5 M of D, L-malic acid, 0.4 M 
of tactic acid and 0.3 M of malonic acid. 6; composed of 0.1 M of nickei sulfate, 0.25 M. of sodium 
phosphate, 0.4 M of D. L-malic acid and 0.45 M of succinic acid) for ultra-black film at a bath temperature 

40 of 90* C for three hours, thus causing precipitation of a nickel-phosphorus alloy plating film to a thickness of 
70 to 80 u.m on the plastic base surface. Then, the base was subjected to an etching treatment for 
blackening as in Embodiment 16. With the ultra-black film thus obtained, the surface morphology, 
reflectance and various other properties were the same as those obtained in Embodiment 16, and no 
particular difference could be recognized. 

45 Below, an example of application of the ultra-black film that is obtained in the above way as an optical 
absorber in an optical receiver for optical power measurement will be described. Rg. 14 shows the 
principles underlying the optical receiver. Optical power, particularly laser beam power, Is measured in 
terms of the power consumed by a heater provided in the optical receiver. Optical receiver 11 is connected 
through temperature comparision sensor 12 and element 13 to temperature reference Jacket 14. Cooling 

50 element 13 radiates a constant quantity of heat to reference temperature jacket 14. Temperature dif ference 
sensor 12 detects the temperature difference between optical receiver 11 and temperature reference jacket 
14, and its output is fed back through controller 15 to heater 16 so that the temperatures of optical receiver 
11 and temperature reference jacket 14 are controlled to an equal temperature. When alt the power of 
incident laser beam 17 is entirely absorbed by optical receiver 11, the power of the laser beam is obtained 

55 as the difference from the consumed power of the heater necessary for the equal temperature control. 

For the measurement of the power of the incident light, the entire incident optical should be absorbed. 
However, leakage of the incident optical by reflection from the opening of the optical, receiver is inevitable. 
Therefore, the practically required percentage of reflected light escaping through the opening, i.e., the 
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reflection factor of the optical receiver, is 0.1 % or less. 

Fig. 15 shows an example of the optical receiver according to the Invention. In this instance, ultra-black 
film 18 according to the invention is formed on the inner surface of cylindrical optical receiver 11. Rgs. 16 
and 17 show different examples, in these instances, the invention is applied to optical receivers lib and 

5 11c having closed ends with shapes other than the conical end. In general, it is possible to adopt a optical 
receiver having any shape so long as it has the required opening diameter and depth and can be coupled 
to a heater and other necessary elements. The reflection factor of the optical receiver substantially depends 
on the quantity of the primary reflection of the incident light from the opening, and also the quantity of 
reflection is maximum in directions symmetric with respect to the direction of the beam incidence. 

70 Therefore, the bottom of the optical receiver should be inclined with respect to the direction of incidence. 
Further, the thermal time constant of the optical receiver Is directiy related to the mass of the optical 
receiver. Therefore, the the optical receiver should have the smallest volume for depth. Since the 
reflectance of the ultra-black film is very low. by ^applying the ultra-black film according to the invention to 
an optical receiver, the angle of reflection can be increased for a constant amount of light of primary 

T5 reflection from tiie optical receiver. Thus, it is possible to reduce the depth of the optical receiver and 
reduce the size thereof. Thus, the thermal time constant of the optical receiver can be reduced, so that it is 
possible to permit accurate measurement of optical power of low energy. Further, it is possible to measure 
substantially the absolute value of the optical power with or optical receiver having a suffictentiy large angle 
of reflection. 

20 Fig. 18 illustrates a general apparatus for measuring the reflectance. In the figure, reference number 21 
designates power source; 22. lamp: 23. spectroscope; 24. slit; 25. shutter; 26. collection filter; 27. 
converging lens; 28, integrating sphere; 29. reference reflector or. reflection sample; and 30. optical power 
meter. Optical receiver 31 comprises the integrating sphere, reference reflector, or reflection sample and 
optical power meter. 

7S Fig. 19 is a sectional view showing an optical connector adapter of tiie same apparatus. Reference 
nuntber 41 designates photo-sensor; 42, photo diode (PD) case; 43, PD element; 44. glass window; 45. 
connector adapter; 46. fiber core; 47. ferrule; and 48, receptacle. Arrow 49 indicates incident light An ultra- 
black film according to the invention is formed on the inner surface of the connector adapter. 

Fig. 20 shows an LED module. Reference number 61 designates modulation input; 62, LED modulation 

30 drive circuit board; 63, LED; 64 and 66. rod lenses; 65. light isolator; 67. optical fiber; 68. optical connector; 
69. photodiode for moniton 70. temperature sensor (thermistor); 71, pettier element; 72, heat pipe. Ultra- 
black film 73 according to the Invention is formed on the inner wall of tfie LED module. 

Fig. 21 is a sectional view showing no reflection optical terminator 81 utilized as a reference terminator 
unit when measuring the amount of refiection. In tiiis terminator, one end surface of cap 82 has conical 

35 recess 83. Ultra-black film 84 according to the invention is formed on the surfaces, i.e., bottom and skje 
surfaces 83a and 83b. of tine recess. One end of optical fiber 85 is inserted In the recess such that the 
inserted end is In close contact with ultra-black film 84 in the recess. If necessary, a silicone oil layer may 
be provided between the ultra-black film and optical fiber to improve tiie close contact between the two. A 
pulse light beam incident on the other end of optical fiber 85 is substantially absorbed in the recess of no 

40 reflection optical terminator 81, so tiiat there is substantially no possibility, that reflected light is returned 
from the aforementioned one end of the optical fiber to the light incidence side. Rg. 22 shows no refiection 
optical terminator 91 which is utilized for temporarily receiving light having high energy in a safe state. In 
this terminal unit 91 . cap 92 has recess 93 formed in the front end surface. The ultra-black film according to 
the invention is provided on the entire inner surface of the recess. Cooling-water ductline 95 is provided 

45 inside the cap. Heat dissipation fins 96.-are provided on the rear end surface of cap 92. The front end 
surface of tiie cap is provided with mounting studs 97. A nut is tightened on each stud 97 firom the back 
side of mounting plate 99 having light incidence hole 98. Cap 92 itself may be made of a ceramic material 
or the like which can strongly resist heat. When a laser beam is incident in recess 13 tiirough light 
incidence hole 98 of mounting plate 99, it is absorbed by ulti'a-black film 94 without being substantially 

50 reflected. If cap 92 is elevated in temperature by the energy of the laser beam, it is immediately cooled 
down by cooling water supplied to the ductiine or the heat radiation action of fins 96. Thus, there is no 
possibility of thermal deformation of cap 92 or thermal denaturing of tiie ultra-black film. In the terminator 
shown in Rgs. 21 and 22, tiie ultra-black film according to the invention is provided on the entire inner 
surface of the recess. In some cases, it is possible to provide tiie ultra-black film according to the invention 

55 only on the bottom surface of the recess. 
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According to the invention, a nearly ideal ultra-black film is formed through etching of a nickel- 
phosphorus alloy film by one of the first to fourth methods according to the Invention. 

The surface of the ultra-black film has innumerable conical holes with opening diameters ranging from 1 
to 6 urn and disposed close to one another, the surfaces of the conical holes having innumerable finer 
irregularities or in the form of ultra-fine Irregularities, thus reducing the spectral reflectance in a wide 
wavelength range. It is thus possible to provide a ultra-black film, which has very low spectral reflectance of 
0.04 to 0.1 % or 0.1 to 0.4 % and low wavelength-dependence of the spectral reflectance, and which also 
has strong resistance against mechanical vibrations and rubbing and Is stable with respect to moisture. 

This ultra-black film can be formed on substantially all industrial materials such as metals, ceramics and 
plastics, it is useful as optical absorber. The obtained ultra-black film is effective as optical, absorber for 
precise absolute optical power measurement or a terminator for an optical transmission system. Further, it 
can be utilized for a reflection prevention member in an optical apparatus or an optical connector. 
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Method (4) 
according to the 


Nickel-phosphorus 
alloy plating 
liquid: 


(1) Nickel sulfate, 
sodium phosphate, 
D, L-malic acid, 
succinic acid 

(2) Nickel sulfate, 
sodium phophate, 
D/ L-malic acid, 
malonic acid 


Etching treatment: 


1:2 HNO3 to concentrated 
HNO3 temperature: 20 to 
lOO^C 


Spectral reflectance: 


0.04 to 0,1 % (380 to 
1,800 nm) , wavelength 
dependence^ being 
very slight 


Black film surface 
state and hole 
diameter: 


(1) Fine holes have 
small diameters 

which are substantially 
uniformly distributed. 

(2) Fine hole surface have 
finer irregularities. 

(3) Hole diameter ranges 
1 to 6 ym. 



* The etching conditions of the invention are 



examples. 



Claims 

1. An ultra-biack film comprising a base (1) made of a material selected from a group consisting of 
electric conductors and non-conductors, a nickel-phosphorus alloy layer (2) formed on said base and a 
phosphate layer formed on said nickel-phosphorus alloy layer, the spectral reflectance of said ultra-black 
film in a wavelength range of 380 to 1 ,800 nm being 0.04 to 0,4 %. 

2. The ultra-biack film according to claim 1 , characterized in that the variation range of the spectral 
reflectance in a wavelength range of 380 to 1 ,800 nm Is less than 0.1 %. 

3. The ultra-black film according to claim 1. characterized in that said nickel-phosphorus alloy layer is 
formed by an electroless plating process. 

4. The ultra-black film according to claim 1 , characterized in that said phosphate layer (3) is fonmed by 
etching said nickel-phosphorus alloy layer (2) with acid solution. 
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5. An ultra-black film comprising a base, a nickel*pliophonjs alloy iayer formed on said base (1) and a 
pfiosphate layer formed on said nickel-phosphorus alloy layer by etching said nickel-phophorus. alloy layer 
with sulfric-acid-containing nitrate solution, the spectral reflectance of said ultra-black film in a wavelength 
range of 380 to 1,800 nm being 0.1 to 0.4 %. 
5 6. The ultra-black film according to claim 5, the surface of which has innumerable conical holes with 
opening diameters ranging from 1 to 6 um and close to one another, the surfaces of said conical holes 
being fluffy. 

7. The ultra-black film according to claim 6, characterized in that the surfaces of said conical holes have 
innumerable finer irregularities. 
10 8. The ultra-black film according to claim 3, the surface of which has innumerable ultra-fine asperities of 
relatively uniform height capable of observation with an electron microscope. 

9. An ultra-black film comprising a base (1), a nickel-phosphorus alloy layer (2) formed on said base 
and a phosphate layer (3) by etching said nickel-phosphorus alloy layer with nitric acid solution formed on 
said nickel-phosphorus alloy layer, the spectral reflectance of the said ultra-black film in a wavelength range 

IS of 380 to 1,800 nm being 0.04 to 0.1 %. 

10. The ultra-black film according to claim 9, characterized in that the variation range of the spectral 
reflectance in a wavelength range of 380 to 1,800 nm is less than 0.1 %. 

11. The uitra*biack film according to daim 9, the surface of which has innumerable conical holes with 
opening diameters ranging from 1 to 6 tim and close to one another, the surface of said conical holes being 

20 fluffy. 

12. A method of manufacturing an ultra-black film having a spectral reflectance of 0.1 to 0.4 % 
comprising the steps of: 

forming a nickel-phosphorus alloy film on a base by an electroless plating process: 

subjecting the surface of said nickel-phosphorus alloy film to a primary etching treatment with an aqueous . , 

25 nitric acid solution; and 

subjecting said film after said primary etching treatment to a secondary etching treatment with a sulfuric- 
acid-containing nitrate solution. 

13. The method according to claim 12. characterized in that said electroless plating is performed by 
holding said base immersed in an electroless nickel-phosphorus plating solution at a temperature of 80 to 

30 95* C substantially for 1 to 5 hours. 

14. The method according to claim 12. characterized in that said electroless plating process includes 
the steps of: 

effecting degreasing of the base made of an electric conductor with 1.1.1-trichloroethane and aikaiine 
cleaning solution; 
35 performing nickel strike plating on the base surface; and 

forming a nickel-phosphorus alloy plating film on the base surface by immersing said base in an electroless 
nickel-phosphorus alloy plating solution. 

15. The method according to claim 12, characterized in that said plating process includes the steps of: 
effecting a treatment of activating the surface of the base made of an electric non-conductor by using a tin 

40 chloride solution and a palladium chloride solution; 
and 

subsequently forming a nickel-phosphorus alloy plating film on the base surface by Immersing said base In 
an electroless nickel-phosphorus alloy plating solution. 

16. The method according to claim 12, characterized in that said nickel-phosphorus alloy plating film 
45 formed on the base surface essentially consists of approximately 7 to 10 % by weight of phosphorus and* 

the balance of nickel and inevitable impurities. - 

17. The method according to claim 12, characterized in that said primary etching treatment is 
performed by using an aqueous nitric acid solution containing at least one part by volume of nitrate for 2 
parts by volume of water and holding said base immersed in said aqueous nitric acid solution at a 

50 temperature of 20 to 100* C for 5 seconds to 5 minutes. 

18. The method according to claim 12. characterized in that said secondary etching treatment Is 
performed by using an aqueous nitrate solution containing 200 to 450 g/1 of sodium nitrate and 300 to 700 
g/l of sulfuric acid and holding said base immersed in said aqueous nitrate solution at 30 to 80 * C for 5 
seconds to 5 minutes. 

55 19. The method according to claim 18, characterized in that said secondary etching treatment is 

performed by using an aqueous nitrate solution containing 300 to 400 g/l of sodium nitrate and 400 to 600 
g/l of sulfuric acid. 
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20. A method of forming an ultra-black film with a spectral reflectance of 0.1 to 0.4 % on a base, 
comprising the steps of: 

forming a nickel-phosphorus alloy film on said base by electroless plating; and 

effecting an etching treatment of the surface of said nickel-phosphorus alloy film with a sulfuric-acid- 
s containing nitrate solution to form said ultra-black film. 

21. The method according to claim 20, characterized in that said electroless plating is performed by 
holding said base immersed in an electroless nickel-phosphorus plating solution at a temperature of 80 to 
95 * C substantially for 1 to 5 hours. 

22- The method according to claim 20, characterized in that said plating process includes the steps of: 
70 effecting degreasing of the base made of an electric conductor with 1.1,1-trichloroethane and alkaline 
cleaning solution; 

performing nickel strike plating on the base surface; and 

forming a nickel-phosphorus alloy plating film on the base surface by immersing said base in an electroless 
nickel-phosphorus alloy plating solution. 
75 23. The method according to claim 20, characterized in that said electroless plating process includes 
the steps of: 

effecting a treatment of making the surface of the base made of an electric non-conductor by using a tin 

chloride solution and a palladium chloride solution; 

and 

20 subsequently forming a nickel-phosphorus alloy plating film on the base surface by immersing said base in. 

an electroless nickel-phosphorus alloy plating solution. 

24. The method according to claim 12, characterized in that said nickel-phosphorus alloy plating film 

formed on the base surface essentially consists of approximately 7 to 10 % ty weight of phosphorus and 

the balance of nickel and inevitable impurities. 
25 25. The method according to claim 20, characterized In that said etching treatment is performed by 

using an aqueous nitrate solution containing 200 to 450 g/t of sodium nitrate and 300 to 700 g/l of sulfuric 

acid and holding said base immersed in said aqueous nitrate solution at 30 to 80* C for 5 seconds to 5 

minutes. 

26. The method according to claim 25, characterized in that said etching treatment is performed by 
30 using an aqueous nitrate solution containing 300 to 400 g/l of sodium nitrate and 400 to 600 g/t of sulfuric 

acid. 

27. A method of manufacturing an ultra-black film having an spectral reflectance of 0.1 to 0.4 % 
comprising the steps of: 

forming a nickel-phosphorus alloy film on a base by using an electroless plating solution basically 
35 composed of nickel salt, sodium phosphate, D, L-malic acid or salt thereof and maionic acid or salt thereof; 
and effecting an etching treatment of the surface of said nickel-phosphorus alloy film with a sulfuric acid- 
containing aqueous nitrate solution. 

28. The method according to claim 27. characterized in that said electroless plating solution is basically 
composed of 0.11 to 0.20 M of nickel salt. 0.24 to 0.36 M of sodium phosphate, 0.40 to 0.80 M of D. L- 

40 malic acid or salt thereof and 0.20 to 0,40 M of malonic acid or salt thereof. 

29. The method according to claim 27. characterized in that said electroless plating is performed by 
holding said base immersed in an electroless nickel-phosphorus plating solution at a temperature of 80 to 
95* C substantially for 10 minutes to three hours. 

30. The method according to claim 27, characterized in that said electroless plating process includes 
.,,45 ^ the steps of: 

effecting degreasing of the base made of an electric conductor with 1,1,1-trichloroethane and alkaline 
cleaning solution; 

performing nickel strike plating on the base surface; and 

forming a nickel-phosphorus alloy plating film on the base surface by immersing said base In an electroless 
50 nickel-phosphorus alloy plating solution. 

31 - The method according to claim 27, characterized in that said plating process Includes the steps of: 
effecting a treatment of making the surface of the base made of an electric non-conductor by using a tin 
chloride solution and a palladium chloride solution; 
and 

55 subsequently forming a nickel-phosphorus alloy plating film on the base surface by .immersing said base in 
an electroless nickel-phosphorus alloy plating solution. 
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32. The method according to ciaim 27. characterized in that said nickel-phosphorus alloy plating formed 
on the base surface essentially consists of approximately 7 to 10 by weight of phosphorus and the balance 
of nickei and inevitable impurities. 

33. The method according to ciaim 27. characterized in that said etching treatment is performed by 
5 using an aqueous nitrate solution containing 200 to 50 g/t of sodium nitrate and 300 to 700 g/l of sulfuric 

acid. 

34. The method according to claim 33, characterized in that said etching treatment is performed by 
using an aqueous nitrate solution containing 300 to 400 g/l of sodium nitrate and 400 to 600 g/l of sulfuric 
acid. 

10 35. A method of forming an ultra-black film having a spectral reflectance of 0.04 to 0.1 % on a base 
comprising the steps of: 

forming a nickel-phosphorus alloy film on a base by using a member of a group consisting of an electroless 
plating solution basically composed of nickel salt, sodium phosphate, D, L-malic'acid or salt thereof and 
succinic acid or salt thereof and a plating solution basicaily composed of nickel salt, sodium phosphate, 0. 
75 L-malic acid or salt thereof, lactic acid or salt thereof and malonic acid or salt thereof; and 

a step of effecting an etching treatment of the surface of said nickel-phosphorus alloy film with an aqueous 
nitric acid solution to form an ultra-black film. 

36. The method according to claim 35, characterized in that a plating solution is used, which is basically 
composed of 0.11 to 0.20 M of nickel salt, 0.24 to 0.36 M of sodium phosphate, 0.40 to 0.80 M of D, L- 

20 malic acid or salt thereof and 0.4 to 0.8 M of malonic acid or salt thereof. 

37. The method according to claim 35, characterized in that a plating solution is used, which is basically 
composed of 0.1 1 to 0.20 M of nickel salt. 0.24 to 0.38 M of sodium phosphate. 0.2 to 0.4 M of D. L-malic 
acid or salt thereof, 0.3 to 0.6 M of lactic add or salt thereof and 0.20 to 0.40 M of malonic acid or salt 
thereof. 

25 38. The method according to ciaim 35, characterized in that said electroless plating is performed by 
holding said base immersed in an electroless nickel-phosphprus^piating solution at a temperature of 80, to 
95' C substantially for 1 to 5 hours. 

39. The method according to claim 35, characterized in that said plating process includes the steps of: 
effecting degreasing of the base made of an electric conductor with 1,1.1-trichloroethane and alkaline 

30 Cleaning solution; 

performing nickel strike plating on the base surface; and 

forming a nickel-phosphorus alloy plating film on the base surface by immersing said base in an electroless 
nickel-phosphorus alloy plating solution. 

40. The method according to ciaim 35, characterized in that said plating process includes the steps of: 
35 effecting a treatment of making the surface of the base made of an electric non-conductor by using a tin 

chloride solution and a palladium chloride solution; and 

subsequently forming a nickel-phosphorus alloy plating film on the base suriace by immersing said base in 
an electroless nickel-phosphorus alloy solution. 

41. The method according to claim 35. characterized in that said nickel-phosphorus alloy plating film 
40 formed on the base surface essentially consists of approximately 7 to 10 % by weight of phosphorus and 

the balance of nickel and inevitable impurities. 

42. The method according to claim 35, characterized in that said etching treatment is performed by 
using an aqueous nitric acid solution containing at least one part by volume of nitric acid for 2 parts by 
volume of water and holding said base immersed in said aqueous nitric acid solution at a temperature of 30 

45 to 80* C for 10 seconds to 5 minutes. 

43. An optical receiver for optical calorimete having an inner surface provided with said ultra-black film 
according to claim 1 . 

44. The optical receiver according to claim 43, which has a cylindrical shape. 

45. An apparatus for measuring reflectance, characterized in that on an optical power is provided with 
. 50 an ultra-black film according to claim 1 . 

46. An LED module having an inner surface provided with an ultra-black film according to claim 1. 

47. An optical calorimeter optical receiver having an inner surface provided with said ultra-black film 
according to claim 9. 

48. The optical receiver according to claim 47. which has a cylindrical shape. 

55 49. An apparatus for measuring reflectance, characterized in that the inner surface of a connector 
adapter mounted on an optical power sensor is provided with an ultra-black film according to claim 9. 
50. An LED module having an inner surface provided with said ultra-black film according to claim 9. 
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51 . No reflection optical terminator comprising a cap having a recess formed in one end surface and 
said ultra-black film according to claim 1 provided on the surface of said recess, light being incident in said 
recess. 

52. No reflection optical terminator comprising a cap having a recess formed in one end surfce and said 
5 blackbody film according to claim 9 provided on the surface of said recess, light being incident in said 

recess. 
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® Ultra-Black film and method of manufacturing the same. 



® An ultra-black film is disclosed, which essentially 
consists of a base (1). a Ni-P alloy layer (2) formed . 
on said base and a phosphate (3) layer formed on 
said Ni-P layer, the spectral reflectance of said ultra- 
black film being 0.04 to 0.4 %. Ihe ultra-black film is 
obtainable by one of four methods, i.e., a first meth- 
od, which comprises sequential steps of effecting 
|vj primary etching of a Ni-P alloy film surface with an 
^aqueous nitric acid solution and effecting secondary 
^etching of the surface with an aqueous sulfuric-acid- 
^ containing nitrate solution, a second method, which 
CO comprises of effecting said secondary etching of a 
j^Ni-P alloy film surface a third method, which com- 
^ prises sequential steps of forming a Ni-P alloy film 
coon a base by using a plating solution basically 
Q composed of nickel salt, sodium phosphate. D, L- 
malic acid and malonic acid and effecting said sec- 
n-ondary etching to the alloy film surface and a fourth 
method, which comprises sequential steps of for- 
ming a Ni-P alloy film on a base by using a plating 



solution basically composed of nickel salt, sodium 
phosphate, D, L-malic acid and succinic acid or 
basically composed of nickel salt, sodium phos- 
phate. D. L-malic acid lactic acid and malonic acid 
and effecting said primary etching to the surface. 
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